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DNA microarrays have revolutionized 
the collection and analysis of genetic 
information. The monitoring of RNA 
expression and DNA variations has con- 
tributed dramatically to our understanding of 
basic biology and is having a direct impact in 
the clinic. Most DNA microarrays are pre- 
pared with one of three now* standard ap- 
proaches (1). The Affymetrix GeneChip 
probe arrays are prepared using patterned, 
light-directed combinatorial chemical synthe- 
sis (2). Such arrays can contain hundreds to 
hundreds of thousands of probe sequences on 
a glass surface. To prepare spotted arrays, 
pins distribute preformed nucleic acid solu- 
tions to precise positions on various sub- 
strates (3-6). Arrays can also be created with 
ink-jet techniques in which oligonucleotides 
are synthesized base by base through sequen- 
tial solution-based reactions on an appropri- 
ate substrate (7). A relative newcomer to the 
array field is the self-assembled bead array 
This format is a departure from these three 
approaches and offers the molecular biologist 
an entirely new platform on which to study 
gene expression and DNA variation. 

The bead arrays are assembled on an op- 
tical fiber substrate. Before describing the 
arrays, it is important to briefly review the 
basic principles of optical fibers and to de- 
scribe how they can be converted into sen- 
sors. Optical fibers are made of two types of 
glass or plastic: the inner ring, called the 
core, has a slightly higher refractive index 
than the outer ring, known as . the cladding 
(Fig. 1). Because of the mismatch in refrac- 
tive indices, light is transmitted through the 
core over long distances by a process known 
as total internal reflection. This low-attenua- 
tion phenomenon is used routinely to carry 
light signals that encode most of our high- 
speed communications systems including 
telephone, Internet, and video signals. 

Individual optical fibers can be converted 
into DNA sensors by attaching a DNA probe 
to the distal tip (#, 9) or by removing the 
cladding and attaching the DNA probe to the 
outside of the core (70-7 J). Upon hybridiza- 
tion to its fluorescent target, labeled double- 
stranded DNA is formed that can be ana- 
lyzed. When light at an excitation wave- 
length is focused onto the proximal end of 
the fiber, the fluorescent label on the distal 
end or on the core becomes excited. Isotropi- 



The author is in the Department of Chemistry, Tufts 
University, 62 Talbot Avenue, Medford, MA 02155, 
USA. E-mail: david.walt@tufts.edu 



Liyht Source 



Optical Fiber 




On) 













n, idadcUiu;) 




txdting beam 



Fig. 1. Optical instrumentation used with an optical 
fiber array. Excitation light is launched into the fiber. 
Isotropically emitted light from fluorescent indicators 
on the fiber's distal tip is carried back along the fiber 
and filtered before image capture on a CCD camera. 



cally emitted light from the fluorophore is 
captured by the same fiber and sent back to 
the proximal end where a detection system 
separates the excitation light signal from the 
emitted signal. Simple DNA arrays can be 
made from such optical fibers by physically 
bundling multiple fibers together (14). Ad- 
vantages of optical fiber sensors are their 
small size and flexibility. Such features en- 
able the sensors to be placed directly into 
sample solutions of DNA rather than bring- 
ing the samples to the sensor's.surface. 



. Images cannot be carried over convention- 
al optical fibers because the light signals be- 
come mixed and spatial resolution is not pre- 
served. Imaging optical fibers have been cre- 
ated that contain an array of thousands of 
densely packed individual optical fibers fused 
into a coherent unitary bundle (75). 
These fibers are prepared by .bundling 
larger optical fibers into a preform 
that is melted and pulled by a rotating 
drum to form the resulting fiber 
"thread", which has an identical struc- 
ture and aspect ratio to the initial pre- 
form but is reduced in diameter. Typi- 
cal imaging arrays contain between 
5000 and' 50,000 individual fibers, 
each 3 to 7 ujti in diameter, creating a 
total array diameter of 300 to 1000 
uuti. Each fiber carries its own light 
signal; consequently, such arrays can 
be used to build up images with a pix- 
el -by-pixel image reconstruction simi- 
lar to that of an insect's compound 
eye. In one type of imaging fiber ar- 
ray, different DNA probes were at- 
tached to polymer spots distributed 
over the fiber's distal surface (16). 

The distal end of a fiber's core can 
be selectively etched relative to the 
cladding when exposed to various 
chemical etching agents such as hy- 
drofluoric acid. Wells of different 
depths are created depending on the 
strength of the etching agent and the 
exposure time (17). Figure 2 (left) 
shows a scanning force micrograph 
image of the etched surface of an op- 
tical imaging fiber. In this image, a 
section of an array containing wells about 2 
urn deep is shown. At the bottom of the wells 
are the distal ends of the fiber that compose 
the array. Thus, each' well is optically wired 
so that it can be tested individually. Latex or 
silica beads can be loaded into the wells ei- 
ther by dipping the etched fiber into a bead- 
containing solution or by applying a small 
aliquot of bead solution directly to the fiber 
tip; Upon drying, the beads are held firmly in 
the wells (18) (Fig. 2, right). 



Fiber-optic oligonucleotide arrays can be 




Fig. 2. Scanning force micrograph showing contours before (left) and after (right) microspheres 
were distributed into the array of etched wells on the optical fiber's surface. 
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of sequence data in many file types, such 
as GenBank Flat File, FASTA File, or Ge- 
netics Computer Group (GCG) File. Edit- 
Seq is now able to create individual se- 
quence files from a multisequence FASTA 
File, as well as combine multiple individu- 
al sequences into a single multisequence 
FASTA File. The latter format is useful" in 
conjunction with a number of bioinformat- 
ic tools. The program can also find open 
reading frames in nucleotide sequences and 
translate them into polypeptides. 

SeqMan II is a module that assembles 
overlapping DNA sequence fragments into 
a stretch of continuous sequence called a 
contig. Before assembling the fragments., 
SeqMan II can remove poor quality data 
and trim vector or other contaminating se- 
quences. Poor quality data is "masked" in 
such a way that it can be recovered at a later 
stage, should it be useful in helping to re- 
solve conflicts or to join contigs. SeqMan II 
has doubled its capacity and can now as- 
semble up to 64,000 sequences in any given 
project. Consensus sequence is generated 
by the use of DNA STAR'S Trace Quality 
Evaluation scheme. The algorithms used to 
mask the poor quality data and to generate 
the consensus sequences for the contigs 
have been updated in Lasergene99. Graphi- 
cal interfaces are available to display contig 
coverage and data quality indices and to 
provide tools for editing the individual se- 
quences within the contigs. Automated and 
manual tools help detenriine whether multi- 
ple contigs should be joined. Consensus se- 
quence of a contig can be exported in 
DNASTAR, GenBank Flat File, or FASTA 
File formats for use in the other modules or 
in other analysis packages. 

MapDraw is a module that creates a va- 
riety of linear and circular restriction maps 
from DNA sequence. The maps can be 
used for experimental design, sequence 
analysis, or the presentation of experimen- 
tal results. MapDraw also has the capabili- 
ty to display annotated features for se- 
quences imported from GenBank. A vari- 
ety of filters are available to help select re- 
striction enzymes for the analysis. The fil- 
ters, can be combined to select specific en- 
zyme sets that meet multiple criteria. En- 
zymes can also be selected manually. En- 
zymes can be added to or deleted from the 
default library, and information about each 
enzyme can be modified. 

The PrimerSelect module aids in the 
design and analysis of primers or probes 
for polymerase chain reaction (PGR), se- 
quencing, and hybridization experiments. 
The program can use DNA or RNA se- 
quences or it can back- trans late a protein 
sequence. PrimerSelect performs strand- 
strand melting temperature and hybridiza- 
tion free energy calculations based on a set 
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of user-specified conditions. When possi- 
ble, multiple primer sequences are dis- 
played in order of suitability for a given 
experiment based on user-selected criteria. 
Modifications to primers can be analyzed 
for effects on translated reading frames, 
secondary structure, false priming sites, 
and restriction sites. Once optimal primers 
have been selected, they can be printed out 
for oligonucleotide synthesis. 

The MegAlign module is used for the 
construction of pair-wise and multiple 
alignments of DNA and protein sequences. 
In addition, the program can construct 
phylogenetic trees on the basis of the 
alignments and calculate sequence dis- 
tances and residue substitutions between 
the sequences. A number of tools are avail- 
able to- customize the display of the align- 
ments. Similarities or differences between 
sequences within an alignment can be 
clearly illustrated, and colored histograms 
that illustrate sequence similarity of dis- 
parity can be created. Alignments can be 
exported in PAUP or GCG pileup formats. 

GeneQuest is the module that is used for 
the discovery and annotation of genes and 
other biologically significant features in 
DNA sequences. This program contains a 
rich array of tools to characterize unknown 
DNA sequences. GeneQuest can open 
DNASTAR, ABI, and GenBank files di- 
rectly. Sequences in other formats must be 
converted to one of these formats by the 
EditSeq program. Sequences are analyzed 
by specific analytical methods, such as al- 
gorithms for finding repeats, finding genes, 
• restriction mapping, pattern matching, and 
codon prediction. The matrices used to per- 
form the gene prediction methods have 
been updated to improve the accuracy of 
the gene-finding process. A default group 
.of methods are presented at the beginning 
of each analysis. Methods can be added to 
or removed from an analysis of a given se- • 
quence, allowing the user to customize the 
analysis for each sequence. A summary of 
the results is presented graphically on a 
common horizontal scale to facilitate com- 
parison between the different types of anal- 
yses performed. When a properly formatted 
GenBank features table is available, the fea- 
tures from the table are available as. annota- 
tions.- The user can also label regions of in- 
terest within the DNA sequence. 

Protean is the module used for the anal- 
ysis and prediction of protein structures. 
The methods in Protean are grouped by 
the type of analysis to be performed. Some 
protein analytical groups may have more 
than one method, while others are repre- 
sented by a single method. Current group- 
ings consist of algorithms for the predic- 
tion of secondary structure, hydropathy, 
antigenicity, amphiphilicity, charge densi- 



ty, surface probability, and flexibility. Like 
the results for DNA analysis, the results 
for the analysis of a protein sequence are 
plotted with a common horizontal scale. 
Protean can also simulate protease digests 
resolved on SDS-polyacrylamide gels, 
calculate and display titration curves, and 
create models of secondary structures. 
Protean also has a summary screen that 
provides numerous, statistics about the pro-, 
tein sequence as well as a breakdown of 
the protein composition to its amino acids. 

Installation of the package was trouble 
free, but it requires the use of both a flop- 
py disk drive and a CD-ROM drive, which 
might be a problem for some users. Al- 
though the modular nature of the program 
can be disruptive at times, the design 
across modules ultimately works well and 
the workflow remains efficient. 

Running the programs is virtually intu- 
itive. The Macintosh version of Lasergene99 
was used for this review, and the programs 
conform to the general look and feel of the 
Macintosh user interface. Most of the analy- 
ses can be quickly mastered, although the 
powerful analytical methods in GeneQuest 
and Protean may take more time.. The online 
help provided with the modules is usually 
useful. For most of the methods, a summary 
of purpose is provided. Ample documenta- 
tion is provided with the package. One 
manual describes the installation process 
and provides quick tutorials for the different 
modules. A second manual describes 
the features that have been added to 
Lasergene99. Finally, another manual docu- 
ments the various features in the modules. 
Desptte extensive documentation describing 
how to use Lasergene99, the best sources of 
information are in the originally published 
scientific papers. 

Lasergene99 is available for Macintosh 
and Windows 95, 98, and NT (4.0 or later) 
platforms. The minimum system require- 
ments for Macintosh are System 7.0 or lat- 
er (Power Macintosh recommended), 
CD-ROM drive, 8 MB RAM (32 MB rec- 
ommended), jind 40 MB of free hard disk 
space. The minimum system requirements 
for. Windows, are a Pentium 100 MHz pro- 
cessor, a CD-ROM drive, 32 MB RAM 
(64 MB recommended), and 40 MB of 
free hard disk space. Internet access is rec- ' 
ommended for both platforms. 
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